Aims Although conservation biology has long focused on population dynamics and genetics, phenotypic plasticity is likely to play a significant role in population viability. Here, an investigation is made into the relative contribution of genetic diversity and phenotypic plasticity to the phenotypic variation in natural populations of Ranunculus nodiflorus, a rare annual plant inhabiting temporary puddles in the Fontainebleau forest (Paris region, France) and exhibiting metapopulation dynamics. † Methods The genetic diversity and phenotypic plasticity of quantitative traits (morphological and fitness components) were measured in five populations, using a combination of field measurements, common garden experiments and genotyping at microsatellite loci. † Key Results It is shown that populations exhibit almost undetectable genetic diversity at molecular markers, and that the variation in quantitative traits observed among populations is due to a high level of phenotypic plasticity. Despite the lack of genetic diversity, the natural population of R. nodiflorus exhibits large population sizes and does not appear threatened by extinction; this may be attributable to large phenotypic plasticity, enabling the production of numerous seeds under a wide range of environmental conditions. † Conclusions Efficient conservation of the populations can only be based on habitat management, to favour the maintenance of microenvironmental variation and the resulting strong phenotypic plasticity. In contrast, classical actions aiming to improve genetic diversity are useless in the present case.
INTRODUCTION
The genetics of endangered species is of great interest to both evolutionary and conservation biologists (Avise and Hamrick, 1996; Young and Clarke, 2000; Hedrick, 2001; Reed and Frankham, 2003; Ellis et al., 2006) , notably because the ability of a species to adapt to environmental changes (adaptive potential) is known to depend greatly on the genetic diversity available for traits subjected, or potentially subjected, to selection. Hence, the World Conservation Union (IUCN) has recommended the conservation of genetic diversity as one of three levels of biodiversity (McNeely et al., 1990) . However, individuals can also respond plastically to environmental variations, and phenotypic plasticity should be considered a ( potentially) major evolutionary force, especially in plants, which cannot escape their local environment. Phenotypic plasticity is sometimes adaptive (e.g. Thompson, 1991; Schmitt, 1993; Schmitt et al., 1995 Schmitt et al., , 1999 Dudley and Schmitt, 1996; Price et al., 2003; Pigliucci et al., 2006; Valladares et al., 2006) and can be of great importance for conservation biology and conservation programmes, as it affects plant fitness and consequently population dynamics. For example, reintroduction or reinforcement programmes rely on the assessment of genetic variability among and within populations and aim to maximize genetic diversity in restored populations. A lot of effort is specifically put into finding an appropriate balance between inbreeding and outbreeding depression (Avise, 1992; Ellstrand, 1992; Fenster and Dudash, 2000) , but large phenotypic plasticity could compensate local maladaptation or low genetic variability. Assessing the magnitude of phenotypic plasticity and its impact on plant fitness (Booy et al., 2000) could help design management programmes based on the control and/or manipulation of abiotic factors influencing the plastic response of individuals and their reproductive success.
Measuring the environmental and genetic diversity of ( potentially) selected traits is, however, not straightforward. Some studies suggest that the diversity of molecular markers, e.g. microsatellites, could be a good indicator of the adaptive potential (e.g. Garten, 1976; Soulé and Wilcox, 1980; Beardmore, 1983; Allendorf and Leary, 1986; Houle, 1989; Merilä and Crnokrak, 2001 ), and conservation studies often infer adaptive potential from neutral molecular markers data (Hedrick, 2001) . However, the relevance of this approach has recently been questioned (e.g. Hedrick and Miller, 1992; McKay et al., 2001; Reed and Frankham, 2001) , notably because the association between neutral diversity and population fitness is highly variable across studies [e.g. Booy et al. (2000) , Arden and Lambert (1997) and Calero et al. (1999) found no decreased fitness or lower population viability in populations with lower levels of genetic variation]. On average, the observed correlation between neutral and selected genetic variability remains, at best, weak (Reed and Frankham, 2001 ). In addition, molecular marker data carry no information regarding phenotypic plasticity. Hence, although genetic diversity and differentiation of neutral markers provide useful information on the demographic events that occurred in populations (bottlenecks, rapid expansion, migration events, etc.), estimation of adaptive potential and construction of reinforcement programmes should not rely exclusively on such markers, but also consider directly traits submitted to selection.
Most traits relevant to adaptation are quantitative traits that are coded by numerous, generally unidentified genes and are influenced by the environment. When some of the relevant genes are known, their genetic diversity can be measured directly by detection of quantitative trait loci (QTL), real time PCR or microarrays (e.g. Storfer, 1996; Kearsey and Farquhar, 1998; Korol et al., 1998; Gibson, 2002; Frary et al., 2003; Thomas and Klaper, 2004; Whitehead and Crawford, 2006) . However, this remains difficult in wild species, particularly endangered ones (Falconer and McKay, 1989; Lynch and Walsh, 1998) , as generally little is known regarding the genetic architecture of their traits. Thus, conservation biologists still depend upon quantitative genetics approaches to study phenotypic variation of endangered species and design efficient management programmes. Assessing the genetic and environmental parts of variation of morphological and fitness traits is a tedious task, as it requires knowledge of kinship and/or common garden experiments, but, as of now, it is a necessary step to study phenotypic plasticity.
Here, the respective roles of genetic diversity and phenotypic plasticity in the spatial differentiation of morphological and fitness traits of a rare endangered species, Ranunculus nodiflorus, are investigated and the consequences in terms of conservation are explored. The populations of this annual, essentially autogamous, species exhibit metapopulation dynamics and occur in a heterogeneous environment at a fine scale, both through space and time. In a previous study, significant differentiation of quantitative traits among natural (sub)populations of the Fontainebleau forest, France was shown (Noel et al., 2006) . Here, the contributions of genetic and environmental components to the variability of morphological and reproductive traits are assessed by combining a common garden experiment and a molecular analysis using microsatellite markers. The following questions are addressed: (a) How is the variation of morphological characters and reproductive success of individuals spatially distributed among and within populations of the Fontainebleau forest? (b) What are the respective roles of genetic diversity and phenotypic plasticity in this spatial variation? (c) How can such information be used for the conservation of this species, in the Fontainebleau forest and at a national scale?
MATERIALS AND METHODS

Description of the metapopulation
Study species. Ranunculus nodiflorus L. (Ranunculaceae) is a rare and endangered annual plant inhabiting wet zones in Spain, Portugal and France. It has undergone a strong decline, caused by the drainage of wetlands and the reduction in grazing, during the last century (Danton and Baffray, 1995 ) and now appears as 'vulnerable' (VU) on the French Red List of threatened species (Olivier et al., 1995) . The species has strict habitat requirements, growing only in puddles with thick soil and highly variable water levels. According to Kirchner et al. (2003) , it reproduces mainly by selfing and produces small achenes. Ranunculus nodiflorus seedlings emerge biseasonally, in fall and spring (Noel et al., 2006) . Flowering and seed production occur between April and May. The plants die rapidly after the last achene is mature. Ranunculus nodiflorus is unable to reproduce vegetatively and apomixis is unlikely (F. Noel et al., unpubl. res.) .
Study area. The study was carried out in the Fontainebleau forest, 50 km south of Paris, in five sites where R. nodiflorus was previously observed (for details, see Noel et al., 2006) : Coquibus (site 1), Meun (site 2), Couleuvreux (site 3), De Oliviera (site 4) and Belle-Croix (site 5). Each site is a 'platière', characterized by a sandstone ground and the occurrence of temporary puddles during rainy periods. Water levels, which depend chiefly on rainfall, are highly variable, so that puddles can transitorily be connected by water corridors. Previously each puddle occupied by the species as a population of R. nodiflorus had been considered. Networks were defined as a set of potentially connected puddles, i.e. puddles occasionally connected to one another via water corridors. Thus, in the terminology of metapopulation dynamics, a puddle corresponds to a deme and a network to a metapopulation. The site sizes vary from just only one puddle (one puddle in sites 3 and 4; three puddles in site 5) to around 200 puddles (sites 1 and 2); puddles may contain up to several thousands of individuals.
In all five sites, the respective roles of genetics and environment in total phenotypic variation of vegetative and reproductive traits were evaluated by conducting two series of measurements, in situ in two different years, and ex situ in a common garden.
In situ measurement of vegetative and reproductive traits
In situ measurements were conducted in 2004 and 2005 on individuals from 21 puddles: seven puddles from site 1 (3 networks), 11 from site 2 (5 networks), one from site 3 (1 network), one from site 4 (1 network) and one from site 5 (1 network). Puddles were chosen in such a way that (a) each site was sampled, (b) in sites 1 and 2, containing numerous puddles, isolated and connected puddles were sampled. Within these classes, puddles were sampled at random. One fixed square quadrat (30 cm Â 30 cm) per sampled puddle was placed. Each quadrat was subdivided into 15 cells (each 6 cm Â 5 cm). (Nleav), number of flowers (Nflw), number of achenes (Nak) and number of seeds per achene (Ns/a) were measured: the latter two traits yielded the number of seeds per individual (s/I ). The number of individuals per quadrat was also recorded (dens). When possible, at least one achene per individual was collected in every quadrat. These seeds were used for the common garden experiment (see below). Finally, a leaf sample on each individual measured was collected for genetic analyses (see below).
The same measurements were performed on the same number of individuals (15 per quadrat) and in the same puddles between 24 May and 26 May 2005. Individuals measured can be considered as offspring of plants measured in 2004, although the soil seed bank has been shown to be a potential, though limited, source of new individuals in these populations (Noel et al., 2006) .
Environmental data
To evaluate possible environmental variation between years among puddles, some characteristics of puddles were also recorded in May 2004 and May 2005: presence of water in puddles when plant measurements were conducted (water ¼ humid or dried), presence (connect) and number (Ncorr) of potential corridors converging to a puddle, sunlight intensity (Sun ¼ high, low and medium) describing canopy cover, ground vegetation cover (Veget ¼ high, low and medium density), and indication of disturbance such as animal or human tracks (Tracks ¼ 0 or 1).
Common garden experiment
A total of 60 seeds per quadrat was collected on the individuals measured in 2004 and were used for the common garden experiment. As the aim was to study population differentiation, all seeds from a given quadrat were pooled. Seeds were sown in pots 7 cm in diameter, containing one-quarter of Fontainebleau sand and three-quarters of mould, at two different densities: five seeds per pot (three replicates) and 15 seeds per pot (three replicates). The 126 pots were placed in a common environment (around 2 m 2 of total space) in the gardens of the Conservatoire Botanique National du Bassin Parisien (CBNBP) in Paris.
Pots were randomized once a week and watered regularly. Germination emergence was recorded once a week. The same traits as those recorded in situ were measured twice during the common garden experiment (between 16 June and 17 June and between 27 June and 28 June). These two records were performed to limit the effects of phenology differences when comparing in situ and ex situ trait values of individuals.
Genetic data
Seven microsatellite loci were previously isolated from R. nodiflorus (Noel et al., 2005) . Preliminary analyses on 22 individuals showed no polymorphism in R. nodiflorus (for details, see Noel et al., 2005) but appreciable polymorphism in R. flammula, a closely related species, with a number of alleles per locus ranging from 2 to 7 and observed heterozygosities ranging from 0 to 0 . 261 (27 individuals tested). Here, these seven microsatellite loci were analysed on a total of 137 individuals (113 and 24 plants sampled in 2003 and 2004, respectively) . The 113 individuals sampled in 2003 can be considered a representative sample of all puddles occupied in the five sites studied, with at least one individual per puddle (32 plants from 28 quadrats in site 1, 40 plants from 28 quadrats in site 2, 19 plants from one quadrat in site 3, four plants from one quadrat in site 4 and 18 plants from three quadrats in site 5). In 2004, one measured individual was sampled per quadrat, except in three quadrats where two individuals were sampled (i.e. a total of 21 þ 3 individuals). The description of the protocol used for isolation and characterization of microsatellite markers is given in Noel et al. (2005) .
Statistical analysis
Statistical analyses were performed with JMP.5 . 0 . 1 . 2, SAS 9 . 1 (SAS Institute Inc., Cary, NC, USA) and R2 . 1 . 1 (R Core Development Team, http://www.r-project.org./ index.html).
Vegetative and reproductive traits analysis. To discriminate between the genetic and environmental contributions to the phenotypic variation of vegetative and reproductive traits observed, the '2004 in situ', '2005 in situ' and '2005 garden' data (referred to as 'experiment') were compared via an analysis of variance on log-transformed trait values (to meet normality requirements), using the following model:
where Y is the log-transformed value of a trait (Nleav, Nflw, Nak, Diam, Hind and s/I ), m is the mean trait value, experiment is the effect of experimental set-up (i ¼ 1, 2 or 3; three conditions under study, i.e. '2004 field', '2005 field' and '2005 garden'), Site is the site effect ( j ¼ 1. . .5; five sites under study), Net is the network effect (k ¼ 1. . .5; up to five networks per site), Quad is the quadrat effect (l ¼ 1. . .3; up to three quadrats per network) and R is an error term. All effects and their interactions were considered random, except the 'experiment' effect. The 'Site' effect was tested using the 'Network' mean square as the residual and the 'Network' effect was tested using the 'Quadrat' mean square as the residual. Because multiple tests were used to analyse phenotypic variation (one per trait), the level of significance was corrected using the Simes method (Simes, 1986) , a Bonferroni-like method that is less conservative and more powerful than the classical Bonferroni procedure (Simes, 1986, Sarkar and Chang, 1997) . After ordering the n P-values [P (1) . . . P (n) ], the hypothesis H 0 was rejected at the level of significance a if P (i) ia/n for at least one i.
To analyse each experiment in more detail, the effects of 'Site', 'Quadrat' and 'Network' were tested using a nested ANOVA for each year and site, with the following model:
where Y is the log-transformed value of a trait [Nleav, Nflw, Nak, Diam, Hind and s/I; for the 2005 garden data, the percentage of germination (%Ger.) was also tested]. Other abbreviations are as above.
Environmental data and correlation with plant traits. To test for a difference in environmental conditions for all the quadrats between 2004 and 2005, chi-square tests (for categorical variables, i.e. water, connect, Veget, Sun and Tracks) or Student's t-tests (for numerical variables, i.e. Dens and Ncorr) were performed to detect a possible 'year' effect (JMP.5 . 0 . 1 . 2).
In addition, an analysis of variance was performed on in situ data to test for possible effects of each environmental variable taken separately on morphological and fitness traits with the following model:
where Y is the log-transformed value of a trait (Nleav, Nflw, Nak, Diam, Hind and s/I), Env is an environmental variable ('connect', 'Veget', 'Sun', 'Tracks', 'water', 'Ncorr' and 'dens'), Year is the time variable ('2004' and '2005') and other abbreviations are as above. When the environmental variable was numerical (i.e. 'Ncorr' and 'Dens'), the 'Quadrat' effect was not nested in the 'Environment' effect. Significance levels were again corrected using the Simes method.
Finally, density dependence and accumulation of deleterious mutations were explored in isolated puddles by testing the effect of density, connection status (isolated or connected), and their interaction on the probability of germination for the seeds sown in common garden. To achieve this, a mixed effects logistic regression (glmmPQL function in R, with a binomial error and a logit link) was performed with the model:
where connect is the connection status, dens is plant density in the common garden experiment, and other variables are as above. The effect of quadrat is considered random.
RESULTS
Vegetative and reproductive data
The total number of plants measured varied across years In a comparison of the three experiments, vegetative and reproductive traits were highly variable within each experimental set-up, thus yielding no clear differences among the three experiments ( Fig. 1 and Table 1 ). Only plant height exhibited significant variation across experimental set-ups (Table 1) , with much smaller plants in the garden experiment than in the field (Fig. 1, asterisk) . Although no other single effect was significant, the quadrat effect was highly variable across treatments for almost all traits (significant Quadrat Â experiment effects for all but one trait; Table 1) .
Results of the ANOVA on each dataset separately showed that, in 2004, most phenotypic variation observed in the field was due to differences among quadrats (Table 2 ). In addition, plant height also exhibited significant differentiation among sites. These patterns remained relatively unchanged during the second year of field measurements, with the exception of more widespread quadrat effects, and no significant site effect for plant height (Table 2) . These results were consistent with previous measures performed in 2003 (Noel et al., 2006) . In contrast, the individuals grown in a common garden environment did not display such a differentiation among quadrats or sites of origin: a significant quadrat effect was only detected on plant height (Table 2) . Finally, the germination percentage observed in the common garden showed significant differences among quadrats of origin (Table 2) .
Environmental data
Minor differences were detected across years for presence of water, connection status, number of potential corridors converging on the puddle, sunlight intensity, ground vegetation cover and disturbance status, but none of these were significant (Table 3) None of the environmental variables measured had a significant effect on phenotypic trait means (results not shown), with a single exception: plants were taller under lower density (F ¼ 6 . 68, corrected P-value ¼ 0 . 01). The environmental effect was, however, variable across years for a number of traits, as indicated by significant year Â env interactions (Veget and Nleav, Nak, Nflw, s/I; Sun and Hind; Tracks and Diam, Hind; water and Diam). In these analyses incorporating environmental variables, the quadrat effect remained highly significant for all traits (P , 0 . 0001)
Germination percentage in common garden
On average, 42 (+26) % of seeds germinated in the common garden experiment. The large differences in germination rates observed among quadrats (Table 2) were not explained by plant density or connection status of the puddles of origin (logistic regression, non-significant effects). 
Genetic data
The genetic analysis of the 137 individuals showed a strictly identical genetic profile. All individuals exhibited a homozygous pattern at all seven microsatellite loci. No genetic diversity was detected at these molecular markers in the Parisian populations of R. nodiflorus.
DISCUSSION
Variation in morphological and fitness traits across puddles is mostly attributable to phenotypic plasticity Measures of morphological characters (vegetative and reproductive traits) were performed on a large number of individuals of five populations of Ranunculus nodiflorus in Fontainebleau forest. The results showed a high variability of these traits among puddles in the field during the two years of the experiment.
This among-puddle variability in quantitative traits appeared to have little -if any -genetic component, as supported by the following observations: (a) the quadrat effect was highly significant in the field, but this effect was highly variable across the three experiments for almost all traits (Table 1) , due to differences both between 2004 and 2005 in situ experiments and between in situ and ex situ 2005 experiments (not shown). This suggests that the observed variation in traits across puddles is due to local environmental variations rather than to genetic effects, which are expected to be more stable from one generation to the other; (b) almost all significant quadrat effects disappeared when individuals were grown in a common garden, with more homogeneous environmental conditions. Hence, most of the spatial differentiation of morphological and fitness traits observed in the field can be attributable to strong phenotypic plasticity for the majority of traits. Only for plant height and percentage of seed germination, did the quadrat effect remain significant in the common garden. For these traits, genetic effects or parental effects (i.e. differences arising from differences in the parental environment) could not be excluded (Andalo et al., 1999) .
Despite the presumed strong phenotypic plasticity of morphological and fitness traits, differences of the quadrat effects between years (2004 and 2005 in situ experiments) were not apparently related to environmental changes. First, no among-quadrat differences could be detected for the environmental parameters measured during the two years of study (Table 3 ). In addition, there was generally no strong relationship between in situ trait means and environmental variables measured in the field (with the exception of a significant effect of plant density on plant height). Specifically, the quadrat effect remained highly significant despite incorporation of environmental effects into statistical analyses, i.e. the variability observed among quadrats for the morphological and fitness traits was not explained by the variability of the environmental variables measured. These unexpected results suggest that environmental measures may not have been performed at a relevant scale and that phenotypic plasticity is likely controlled by random environmental microvariations, both in space and time. This is supported the significant experiment Â quadrat interaction for almost all traits (Table 1) : although differences among quadrats were observed in situ in both years, mean trait values within quadrat varied across years, indicating fluctuating sources of variation. Absence of or weak genetic differentiation among plant populations is often explained by (a) high migration rates that homogenize populations and prevent differentiation, (b) homogenizing selection or (c) low levels of genetic variability at the metapopulation level (Slatkin, 1987; Lande, 1992; Ellstrand and Elam, 1993; Linhart and Grant, 1996; Giles and Goudet, 1997) . For R. nodiflorus, the latter hypothesis is supported by microsatellite data showing no polymorphism within and among populations of the Fontainebleau forest, although one should take into account that (a) neutral and selected genetic diversity are generally uncorrelated (Reed and Frankham, 2001 ) and (b) a relatively low number of loci was surveyed. As a consequence, differences among quadrats for plant height and germination percentage observed in the common garden are likely to be due to environmental parental effects, although genetic differences cannot be ruled out completely.
An attempt was made to explore further the potential influence of genetics on germination rate by examining the influence of isolation on germination. The differences The environmental variables are the connection status (% of connected puddles), indication of animal or human disturbance (% of puddles with tracks), presence of water (% of dried puddles), ground vegetation cover, sunlight intensity, mean number of connections and mean plant density per quadrat (the asterisk indicates a significant difference between the 2 years, P , 0 . 05).
In 2005, one puddle went extinct and environmental data were not recorded. † Distribution of vegetation cover across puddles, with three classes: low, medium and high. ‡ Distribution of sunlight intensity across puddles, with three classes: low, medium and high. § For connected puddles only.
in germination rate, observed in the common garden, among quadrats of origin, were not explained by quadrat connectivity or plant density, i.e. individuals from isolated or dense populations did not exhibit a significantly lower germination rate, a proxy for seed quality. This test was initially performed to detect a possible stronger inbreeding depression or accumulation of deleterious mutations in isolated puddles, which also exhibited the lower density populations (Noel et al, 2006) . The present results suggest no differences in seed quality (and hence, fitness) between isolated versus connected puddles, regardless of seed density, which is consistent with the presumed low levels of genetic variation in the populations.
No genetic diversity in an endangered plant species
Variation in morphological characters appears to be mainly controlled by strong phenotypic plasticity and/or parental effects in the Parisian populations of R. nodiflorus. The within-population genetic diversity also appeared to be low; for the seven microsatellite markers typed in 137 individuals, absolutely no polymorphism was observed. These molecular data have shown a complete lack of genetic diversity for R. nodiflorus, a situation sometimes observed in plant species, especially endangered species (Arden and Lambert, 1997; Calero et al., 1999; Ibáñez et al., 1999) . However, in the few studies mentioning monomorphic populations Ibáñez et al., 1999; Meunier et al., 2001) , monomorphism was restricted to the population scale, and genetic polymorphism was generally observed between populations. The complete absence of polymorphism observed here thus deserves further discussion, especially because (a) microsatellites were developed specifically from R. nodiflorus and (b) some of the Parisian populations have a large population size (e.g. site 1 contains around 100 000 individuals).
The first obvious explanation for the lack of genetic variation is a technical problem with molecular markers. Short (with few repetitions), interrupted or complex microsatellites, such as those isolated from R. nodiflorus (Noel et al., 2005) , are known to be less variable than regular, long microsatellites (Primmer et al., 1996; Brinkmann et al., 1998) . This potential technical problem is supported by the observation that populations from other regions (Corsica, Massif Central and Brittany for a total of 52 individuals from ten populations) showed the same complete absence of genetic diversity (not shown). Thus, no polymorphism was detected at a national scale (550 000 km 2 ). Nevertheless, the same microsatellite markers analysed in a closely related species of R. nodiflorus, R. flammula, showed some genetic diversity among individuals; all markers were polymorphic with a number of alleles per locus varying from two to seven and observed heterozygosities ranging from 0 to 0 . 261 (Noel et al., 2005) .
The complete absence of polymorphism in the Fontainebleau populations, some of which exhibit large population sizes, could appear unusual. Genetic diversity is nevertheless not systematically correlated with population size (Podolsky, 2001) . Moreover, the mating system of R. nodiflorus ( predominant selfing), its metapopulation dynamics and its limited number of populations could also be responsible for a low polymorphism. In selfing species, metapopulation dynamics could reinforce the genetic homogenization of individuals within populations (Amos and Harwood, 1998; Ingvarsson, 2002) . In addition, recurrent extinctions and (re)colonizations could result in a strong decline in genetic diversity, especially for species where pollen migration is almost absent, such as R. nodiflorus. Thus, (re)colonization occurs only by seed migrations from patches of surrounding areas. Preliminary results on random amplified polymorphic loci (RAPD markers) between two individuals, one from the Parisian region and the other from Corsica, showed that a single marker among 20 exhibited a different pattern between the two individuals tested. The lack of polymorphism within R. nodiflorus thus seems to affect the whole genome. Nevertheless, more individuals and more RAPD primers should be analysed to confirm this result.
Consequences for the conservation of R. nodiflorus
Although conservation biology has long focused on demographic and genetic issues, the potential role of phenotypic plasticity has recently been considered for the management of endangered populations. Phenotypic plasticity is generally regarded as detrimental in conservation, notably because translocations (e.g. from captivity or gardens to natural populations, or between natural populations for reinforcement) expose individuals to new environments, and the changes in phenotype triggered by plasticity may decrease the survival or reproductive success of individuals (e.g. Lema and Nevitt, 2006) . The potential beneficial role of phenotypic plasticity on population viability is, however, also recognized, as it creates phenotypic variation and therefore increases the probability that a population will persist in the face of environmental change (Watters et al., 2003) . In R. nodiflorus, the high degree of phenotypic plasticity observed is likely to provide the opportunity for population persistence despite limited genetic variation. The phenotypic variation observed in natural populations of the Fontainebleau forest does not correspond solely to a response to poor environmental conditions, yielding a variety of unhealthy phenotypes: in fact, plants in natural populations tend to be taller and produce more flowers and achenes than plants grown in the common garden environment (Fig. 1) , an a priori favourable environment with abundant nutrients and water. Overall, the absence of genetic diversity seems to be correctly compensated by phenotypic plasticity, enabling seed production despite sometimes severe environmental changes (e.g. major drought in summer 2003; Rebetez et al., 2006) . Although the species is endangered at a national scale, local populations have large population sizes and demographic surveys suggest that they are not threatened in the immediate future (Noel et al., 2006) .
In the present situation, genetics should not play a major role in the designing of management plans for R. nodiflorus. Despite the highly significant morphological differentiation among populations, transplantations among populations would be useless, as they would bring little, if any, genetic novelty to a declining population. Instead of maximizing genetic diversity, the most appropriate measure to enhance the viability of populations on longer time scales is manipulating the environment to help maintain an appreciable level of phenotypic plasticity ('phenotypic management'; Watters et al., 2003) . This requires first to preserve the habitat of R. nodiflorus via regular clearings, but also to maintain or even increase microenvironmental variation, which can be achieved, for example, by increasing the number of puddles occupied by the species. However, although phenotypic plasticity may favour the viability of R. nodiflorus in the short term by allowing the production of numerous seeds under a wide range of environmental conditions, the species survival may be compromised in the long term, as phenotypic plasticity without genetic variation is not sufficient to face large environmental changes (Potvin and Tousignant, 1996; Réale et al., 2003) .
